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[57] ABSTRACT

In the case where the synchronism between the timing
of generation of ink droplets and the phase of the infor-
mation signal in an ink jet printer and deflection sensi-
tivity of the droplet are checked by charging certain ink
droplets with the phase detection signal voltage or the
droplet deflection sensitivity detecting signal voltage,
the certain ink droplets appearing at intervals in place of
ink droplets for information recording, each of the ink
droplets for recording information just following the
certain ink droplet experiences distortion in electrifica-
tion. This invention provides a circuit for compensating
the voltage for charging those ink droplets for informa-
tion recording which just follow the ink droplets for
usage excepting information recording, e.g. droplet
deflection sensitivity detection or phase detection etc.

11 Claims, 5 Drawing Figures
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INK JET PRINTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an ink jet printer in which
ink droplets appearing at intervals in place of the infor-
mation recording ink droplets are electrified for a pur-
pose other than information recording.

2. Description of the Prior Art

An ink jet printer is disclosed in, for example, the
specification of the U.S. Pat. No. 3,596,275 granted to
Richard G. Sweet on July 27, 1971. In the printer of this
type, the moment the ink column jetted out of the noz-
zle 1s split into droplets, the information recording sig-
nal voltage is applied to the charging electrode coupled
electrostatically to the ink column. Consequently, the
ink droplets are charged according to the information
recording signal voltage. The charged ink droplets are
deflected when they pass between the deflecting elec-
trodes and then the deflected ink droplets adhere to the
recording medium to form an ink dot pattern in the
desired positions of the medium.

In order to cause the deflected ink droplet to adhere
to a desired position of the recording medium, it 1s
- necessary to check the deflection sensitivity of a droplet
and to control the amount of charge to be given to the
droplets and the magnitude of electric field for deflec-
tion in response to the result of the checking. In order to
charge the ink droplets properly in response to the
information recording signal voltage, the tip portion of
the ink column must be exactly charged in accordance
- with the signal voltage the moment the tip portion sepa-
rates from the column. The proper electrification of the
tip portion of the ink column in accordance with the
information recording signal voltage needs the synchro-
nism between the phase of creating ink droplets and that
of generating the signal voltage. For this purpose, phase

control devices have been invented by Robert I. Keur
(U.S. Pat. No. 3,681,778) and Takahiro Yamada, U.S.

Pat. No. 3,999,188, filed Dec. 2, 1974, entitled “Ink-Jet
Recording Apparatus”. Namely, in such an ink-jet re-
cording apparatus, ink droplets are sometimes charged
by signals for being used for a purpose excepting infor-
mation recording, and such droplets are sometimes
located between the droplets charged by signals for
information recording.

It 1s well known that when a series of ink droplets are
charged 1in accordance with an information recording
signal voltage each ink droplet is electrically affected

by the just preceeding one and therefore a system has
been proposed which compensates the information re-

cording signal voltage for every ink droplet in accor-
dance with the like signal voltage for the just preceed-
ing ink droplet (U.S. Pat. No. 3,631,511 granted to Ro-
bert I. Keur et al). In this case, however, 2 complicated
circuit network i1s needed since the compensation is
effected through the measurement of the information
recording signal voltage.

SUMMARY OF THE INVENTION

One object of this invention is to prevent the distor-
tion in the charging of the ink droplets for information
recording, in an ink jet printer wherein ink droplets
appearing at intervals in place of the recording ink
droplets are electrified for a purpose other than infor-
mation recording. -
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Another object of this invention is to provide an ink
jet printer which can attain the above object without
resort to any complicated circuit means.

Yet another object of this invention is to prevent the
distortion in the electrification of those information
recording ink droplets which are just after the ink drop-
lets appearing at intervals in place of the information
recording ink droplets and electrified according to the
deflection sensitivity detecting signal or the phase de-
tecting signal, in an ink jet printer.

Other object of this invention will be apparent from
the following detailed description of this invention.

According to the feature of this invention, the infor-
mation recording signal, annex signals including the
deflection sensitivity detecting: signal and the phase
detecting signal and the compensation signal provided
on the basis of the annex signals as a predetermined
signal for compensating distortion of the information
recording signal due to the annex signals are all synthe-
sized by an arithmetic amplifier circuit and then the
resultant signal is applied to the electrode for charging
ink droplets.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows in block diagram an embodiment of this

invention.
FIG. 2 shows waveforms appearing at various points

in the circuit shown in FIG. 1.

FIG. 3 is a detailed version of FIG. 1, with a part
omitted.

FIG. 4 shows in block diagram another embodiment
of this invention.

F1G. 5 is a detailed version of FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As is seen in FIG. 1, the pressured ink 4 1s jetted out
of a nozzle 1 through its small opening. The nozzle 11s
fitted in an electro-mechanical transducer 3 which is

vibrated by the HF voltage applied from a HF power
source 2 through an amplifier 18. The ink jetted out of
the nozzle 1 forms an ink column S near the tip of the
nozzle 1 and the ink column § 1s regularly split into ink
droplets 6 by the vibration generated by the transducer
3. A charging electrode 7 is disposed near the tip of the
nozzle 1 to surround the top of the ink column 5. Ac-
cord.ngly, there exists an electrostatic capacitance be-
tween the ink column 5§ and the charging electrode 7. If
a voltage is applied to the charging electrode 7, electric
charges are induced in the ink column S. Under this
condition, an ink droplet 6 separated from the ink col-
umn 5 remains charged in proportion to the amplitude
of the voltage applied to the charging electrode 7.
When the charged ink droplet 6 flying toward a record-
ing medium 12 passes between deflecting electrodes 9a
and 95, it is deflected by the electrostatic force acting
thereon. If the droplet 6 is negatively charged and if the
deflecting electrodes 92 and 96 are respectively con-
nected with the positive pole of a high dc voltage
source 10 and grounded, then the negatively charged
droplet 6 is bent toward the deflecting electrode 9a. The
ink droplet 6 which is not charged is not deflected and
flies straight toward a gutter 11. The gutter 11 coliects
the uncharged ink droplets for the purpose of reuse. On
the other hand, the positively charged ink droplet 6 is
bent toward the deflecting electrode 95 and collides
with a detector 30. The detector 30 is so located that the
ink droplet charged by the signal voltage for phase
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detection or deflection sensitivity detection may hit it.
The relationship in phase between the generation of the
ink droplets or deflection sensitivity and the imforma-
tion recording signal voltage is checked on the basis of
the output of the detector 30. An information recording

signal generator 13, an annex signal generator 14 and a
compensation signal generator 19 generate respectively

an information recording signal (d), an annex signal (b)
for deflection sensitivity detecting and phase detecting
etc. and a compensation signal (c) (diagrams (d), (b) and
(¢) in FIG. 2 for the case of that the annex signal is used
for detection of deflection sensitivity) in response to the
clock signal sent from the HF power source 2 through
a waveform shaping circuit 17. The annex signal (b) and
the compensation signal (c) are synthesized by a first
synthesizing circuit 20. The output of the first synthesiz-
ing circuit 20 and the information recording signal (d) is
synthesized by a second synthesizing circuit 21 and the
output of the second synthesizer 21 is applied through
an inverting amplifier 16 as a signal (@) to the charging
electrode 7. The relationships of the timing of genera-
tion of ink droplets to the signal voltages (a), (b), (¢) and
(d) are as shown in FIG. 2. In FIG. 2, the ink droplets
6a,, 6a,, 6a,, 6a,, are for information recording, the
droplets 6a, and 6a, being compensated in charging
according to the compensation signal. The droplets 65,
and 6b, are droplets used for the purpose excepting
information recording and charged by annex signals for
deflection sensitivity detecting and phase detecting etc.
and the droplets 6c, and 6c, are not charged and are
collected by the gutter 11.

FIG. 3 shows in further detail the electric circuit
shown in FIG. 2, as an example where the annex signal
is used for deflection sensitivity detecting. The informa-
tion recording signal generator 13 consists of a flip-flop
FF, and a picture signal voltage generator 31 and the
picture signal voltage generator 31 generates the infor-
mation recording signal (d) on the basis of a data signal.
The information recording signal (d) i1s generated in
timing with the Q output of the FF, actuated by the
clock signal sent from the HF power source 2 via the
Schmitt circuit 17. The deflection sensitivity detecting
(annex) signal generator 14 consists of flip-flops FF,and
FF,; and an AND gate 32. The compensation signal
generator 19 consists of flip-flops FF; and FF;s and an
AND gate 33. The phase of the output of the AND gate
33 lags that of the output of the AND gate 32 by a single
cycle. The first synthesizer 20 is constituted of an opera-
tional amplifier 34, input resistors r; and r, and a feed-
back resistor r;. The outputs () and (¢)’ of the AND
gates 32 and 33 are applied to the negative input termi-
nal of the operational amplifier 34 through the resistors
riand r,. The second synthesizer 21 is composed of an

operational amplifier 395, resistors r, and 75 and a feed-

back resistor 7;. The output of the operational amplifier
34 and the information recording signal (d) are applied
to the negative input terminals of the operational ampli-
fier 35 via the respective resistors 7,and rs. The positive
input terminals of the operational amplifiers 34 and 35
are both grounded.

With this constitution, the output of the AND gate 32
is adjusted to a predetermined value through the resis-
tor r,. The level-adjusted output becomes the signal (b)
and is sent through the operational amplifier':34, the
resistor rs, the operational amplifier 35 and the amplifier
16 to the charging electrode 7 to charge the ink droplets
6b, and 60, (see diagram (e) in FIG. 2). The degrees of
charging the ink droplets 64, and 64, which come re-

>

10

15

20

23

30

335

45

>0

3

65

4

spectively just after the ink droplets 65, and 6b, and are
charged in accordance with the information recording
signal (d), are affected by the charges on the ink drop-
lets 6b, and 6b,. According to this invention, in order to
compensate for the influence, the compensation signal 1s

delivered from the AND gate 33 in parallel with the
deflection sensitivity detecting signal (or annex signal).
The output of the AND gate becomes a compensation

signal adjusted to have a predetermined level suitable
for cancelling the influence, through the resistor r,. The
level-adjusted output serves as the compensation signal
(¢) and is applied through the operational amplifier 34
and the resistor rsto the operational amplifier 35. At the
same time, the information recording signal (d) is also
applied through the resistor r, to the operational ampli-
fier 35. The information recording signal (d), the drop-
let deflection sensitivity detecting signal (b) (or annex
signal) and the compensation signal (¢) respectively
have positive, negative and negative polarities with
respect to the input terminal of the operational amplifier
35.

FIG. 4 shows in block diagram another embodiment
of this invention, in which the outputs of the generators
13, 14 and 19 are synthesized by a synthesizer 23. FIG.
5 shows in further detail the circuit shown in FIG. 4.
The difference of FIG. 3 from FIG. § are as follows.
Namely, the AND gates 32 and 33 are replaced by
NAND gates 36 and 37; clamping circuit including
capacitors C, and C, and diodes D, and D, 1s incorpo-
rated so as to make the poralities of the deflection sensi-
tivity detecting signal () (or annex signal) and the com-
pensation signal {¢) opposite to that of the information
recording signal (d); and the first synthesizer 20 is omit-
ted, with the resistors r;, », and r; connected with the
negative input terminal of the operational amplifier 33.
Accordingly, unless either of the deflection sensitivity
detecting signal and the compensation signal 1s not gen-
erated, the NAND gates 36 and 37 deliver outputs of
high level so that the capacitors C, and C, are charged
as indicated in FIG. 5. If the annex signal or the com-

-pensation signal is generated, the NAND gates deliver

outputs of low level so that the voltages of negative
polarity at the capacitors C,and C, are applied through
the resistors r, and r, to the operational amplifier 35. In
the case where the information recording signal (d) is of
negative polarity, those inverting means are not neces-
sary and AND gates can be used in that case as in FIG.
3.

I claim:

1. An ink jet printer comprising a means for jetting
pressured ink out of a nozzle to produce ink droplets
flying toward a recording medium; an electro-mechani-
cal vibrating element for vibrating said nozzle to regu-
larly separate said ink droplets; a HF power source for
energizing said electro-mechanical vibrating element; a
charging electrode for charging said ink droplets; de-
flecting electrodes for establishing a deflecting electric
field in the flight path of said ink particles; an informa-
tion recording signal generator for generating an infor-
mation recording signal voltage in response to a clock
signal generated on the basis of the output of said HF
power source; an annex signal generator for generating
an annex signal voltage for a droplet deflection sensitiv-
ity detecting signal and a phase detecting signal in re-
sponse to said clock signal; a compensation signal gen-
erator for generating a predetermined compensation
signal for cancelling the influence given to the charge of
information recording ink droplets due to charging ink
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droplets by the annex signal voltage on the basis of said
clock signal, in parallel with said annex signal, and a
circuit means having at least a synthesizing circuit for
synthesizing the outputs of said three generators and
applying the synthesized output to said charging elec-
trode. -

2. An ink jet printer as claimed in claim 1, wherein
said compensation signal is located at the position fol-
lowing the annex signal voltage and has the same polar-
ity to as that of said annex signal. |

3. An ink jet printer as claimed in claim 1, wherein
said synthesizing circuit includes an operational ampli-
fier, the mput terminal of said operational amplifier is
connected through respective resistors with said infor-
mation recording signal generator, said annex signal
generator and said compensation signal generator.

4. An ink jet printer as claimed in claim 1, wherein
said synthesizing circuit means comprises a first synthe-
sizing circuit for synthesizing said annex signal and said
compensation signal and a second synthesizing circuit
for synthesizing the output of said first synthesizing
circuit and said information recording signal.

5. An ink jet printer as claimed in claim 1, wherein
said information recording signal generator has a flip-
flop in said clock signal circuit, said annex signal gener-
ator having two flip-flops connected to said clock signal
circuit in series, and said compensation signal generator
having two flip-flops connected to said clock signal
circuit in series.

6. An ink jet printer comprising:

means for jetting pressured ink out of a nozzle to
produce ink droplets flying toward a recording
medium;

an electro-mechanical vibrating element for vibrating
said nozzle to regularly separate said ink droplets;

an HF power source for energizing said electro-
mechanical vibrating element;

a charging electrode for charging said ink droplets;

deflecting electrodes for establishing a deflecting
electric field in the flight path of said ink droplets;
and

a clock signal circuit connected to said HF power
source;

wherein there is provided an information recording
signal generator for generating an information re-
cording signal voltage in response to a clock signal
produced by said clock signal circuit in order to
charge each ink droplet spaced with a predeter-
mined interval with an electric charge according to
a deflection amount for information recording;

an annex signal generator for generating an annex
signal voltage with a predetermined value in re-
sponse to the clock signal of said clock signal cir-
cuit in order to provide a constant electric charge
corresponding to a deflection amount for a droplet
deflection sensitivity detecting signal and a phase
detecting signal with a predetermined cycle to
droplets located between the ink droplets for infor-
mation recording;

a compensation signal generator connected to said
clock signal circuit for generating a predetermined
compensation signal with an amount for cancelling
the influence given to the charge of information
recording ink droplets due to charging ink droplets
by the ink droplets charged by the annex signal
voltage, and with the same cycle and phase as the
annex signal and the information recording signal,
respectively; and
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circuit means having at least a synthesizing circuit for
synthesizing the outputs of said three generator
circuits and applying the synthesized output to said
charging electrodes.

7. An ink jet printer comprising: |

means for jetting pressured ink out of a nozzle to
produce ink droplets flying toward a recording

“medium; | -
an electrode-mechanical vibrating element for vibrat-
- ing said nozzle to regularly separate said ink drop-
lets;

an HF power source for energizing said electro-
mechanical vibrating element;

a charging electrode for charging said ink droplets;

deflecting electrodes for establishing a deflecting
electric field in the flight path of said ink droplets;
and | |

a clock signal circuit connected to said HF power
source; |

wherein there is provided an information recording
signal generator for generating an information re-
cording signal voltage in response to a clock signal
produced by said clock signal circuit in order to
charge each ink droplet arranged alternately with
an electric charge according to a deflection amount
for information recording; |

an annex signal generator for generating an annex
signal voltage with a predetermined value in re-
sponse to the clock signal of said clock signal cir- -

“cuit in order to provide a predetermined electric
charge corresponding to a deflection amount for a
droplet deflection sensitivity detecting signal and a
phase detecting signal with a predetermined cycle
of droplets located between the ink droplets for
information recording;

a compensation signal generator connected to said
clock signal circuit for generating a predetermined
compensation signal with an amount for cancelling
the influence given to the charge of information
recording ink droplets due to charging ink droplets
by the ink droplets charged by the annex signal
voltage, and with the same cycle as the annex sig-
nal and with the same phase as the imformation
recording signal following the ink droplet charged
on the basis of the annex signal; and

circuit means having at least a synthesizing circuit for
synthesizing the outputs of said three generator
circuits and applying the synthesized output to said
charging electrode.

8. An ink jet printer as claimed in claim 7, wherein
said information recording signal generator has a flip-
flop connected between said clock signal circuit and
said information recording signal generator, said annex
signal generator having two flip-flops connected in
series between said clock signal circuit and said annex
signal generator, and said compensation signal genera-
tor.

9. An ink jet printer as claimed in claim 8, wherein the
flip-flops connected in said annex signal generator are
arranged such that the input terminal of the flip-flop at
a rear stage is connected to the output terminal Q of the
flip-flop at a front stage, and the flip-flops connected in
said compensation signal generator are arranged such
that the input terminal of the flip-flop at a rear stage 1s
connected to the output terminal Q of the flip-flop at a
front stage.

10. An ink jet printer comprising:’
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means for jetting pressured ink out of a nozzle to
produce a series of ink droplets flying toward a
recording medium;

an electro-mechanical vibrating element for vibrating
said nozzle to regularly separate said ink droplets;

an HF power source for energizing said electro-
mechanical vibrating element;

a charging electrode for charging said ink droplets;

deflecting electrodes for establishing a deflecting
electric field in the flight path of said ink particles;

an information recording signal generator for gener-
ating an information recording signal voltage, in
response to a clock signal generated on the basis of
the output of said HF power source to be coupled
to said charging electrode so as to impart an elec-
tric charge to each (2n—1)th ink droplet in said
series of droplets which is representative of infor-
mation to be recorded on said recording medium,
where 7 is an integer greater than zero;

an annex signal generator for generating an annex
signal voltage, for a droplet deflection sensitivity
detecting signal and a phase detecting signal in
response to said clock signal, to be coupled to said
charging electrode so as to impart an electric
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charge to each (4n—2)th droplet in said series of
droplets;

a compensation signal generator for generating a

predetermined compensation signal voltage, for
cancelling the influence given to the charge of
information recording ink droplets due to charging
each (4n—2)th ink droplet by the annex signal
voltage on the basis of said clock signal, to be cou-
pled to said charging electrode so as to impart a
compensating electric charge to each (4n—1)th
droplet in said series of droplets; and

means for combining the respective signal voltages
generated by said information recording signal
generator, said annex signal generator and said
compensation signal generator and applying the
resulting signal voltage to said charging electrode.

11. An ink jet printer according to claim 10, where

the polarity of the charge imparted to respective ink
droplets by said annex signal generator and by said
compensation signal generator is opposite to the polar-
ity of the charge imparted to a respective ink droplet by
said information recording signal generator.
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